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7KHLQFUHDVLQJSUHVVXUHVIURPSRSXODWLRQJURZWKFOLPDWHFKDQJHZDWHUUHVRXUFHVDYDLODELOLW\DQGGHWHULRUDWLQJ
ZDWHUTXDOLW\DORQJZLWKLQFUHDVLQJHQHUJ\ELOOVKDYHOHGWKH8.ZDWHULQGXVWU\WRVHHNHIILFLHQWDQGLQWHOOLJHQWZD\V
RIPDQDJLQJZDWHUVXSSO\QHWZRUNV,QWHOOLJHQWSXPSFRQWUROKDVEHHQORRNHGDWE\$:6¶V,QQRYDWLRQ'HSDUWPHQW
IRUWKHODVWIHZ\HDUVZLWKYDU\LQJVXFFHVV$VSDUWRIWKHVHLQYHVWLJDWLRQV7\QHPDUFK6\VWHPV/WG>@GHVLJQHGDQG
SURYLGHG0LVHU36WR$:6,QQRYDWLRQ,WLVFODLPHGWKDW0LVHU36FDQPLQLPLVHRSHUDWLQJFRVWVWKURXJKUHGXFWLRQRI
HQHUJ\FRQVXPSWLRQDQGHQHUJ\FRVWSURYLGHYDOXDEOHGHFLVLRQVXSSRUWLQWKHFRQWUROURRPHQVXUHV\VWHPRSHUDWLRQ
LVSURDFWLYHLQPHHWLQJIRUHFDVWGHPDQGVH[SRUWVDQGUHVHUYRLUWDUJHWVLGHQWLI\HPHUJHQF\RSHUDWLRQDOUHVSRQVHVWR
XQSODQQHGRXWDJHVDQGDFKLHYHHOHFWULFLW\VDYLQJVRISHUDQQXP
7KHFDVHVWXG\SUHVHQWHGLQWKLVSDSHUDGGUHVVHVQHWZRUNPDQDJHPHQWDWUHVRXUFH]RQHOHYHOWKURXJKWKHXVHRID
UHDOWLPHPXOWLFULWHULD SXPS VFKHGXOLQJ WRRO0LVHU36 LQFRUSRUDWLQJZDWHU DYDLODELOLW\ WDULII UDWHV DQG SXPS 
V\VWHPHIILFLHQF\SURILOHVDJDLQVWWKHGHPDQGUHTXLUHPHQWVDQGDYDLODEOHVWRUDJHRIDJLYHQV\VWHP
0HWKRGRORJ\
0RGHOGHYHORSPHQW
3KDVH  0LVHU 36 ZDV LQLWLDOO\ WULDOOHG RQ SDUW RI WKH $:6 QHWZRUN DV DQ RIIOLQH PRGHO ZLWK PDQXDO
LPSOHPHQWDWLRQRISXPSVFKHGXOLQJ7KHPRGHOHGDUHD LQFOXGHGZDWHU WUHDWPHQWZRUNV :7::7:$ZLWK
PD[LPXPRXWSXWRIDSSUR[LPDWHO\PHJDOLWUHVSHUGD\0/'DYHUDJHRI0/'VXSSO\LQJGULQNLQJZDWHUWR
GLVWLQFWDUHDVRQHWRWKHVRXWKRIZRUNV$RQHWRWKHZHVWDQGRQHWRWKHHDVWRIWKHZRUNVDVVHHQLQ)LJ:7:
%ZLWKPD[LPXPRXWSXW RI DSSUR[LPDWHO\ 0/' DYHUDJH RI 0/'ZKLFK FRPELQHGZLWK:7:&ZLWK
PD[LPXPRXWSXWRI0/'DYHUDJHRI0/'VXSSO\GULQNLQJZDWHUWRWKHVRXWKRIWKHUHJLRQYLDDODUJHPDLQ
DQG:7:'PD[LPXPRXWSXWRI0/'DYHUDJHRI0/'ZKLFKFRQWULEXWHVWRWKHVXSSO\RIGULQNLQJZDWHUWR
WKHVRXWKRIWKHUHJLRQ
'XHWR0LVHU36EHLQJDQRIIOLQHPRGHOLWZDVNHSWXSWRGDWHPDQXDOO\DQGSXPSVFKHGXOHVZHUHSURGXFHGWZLFH
GDLO\DWDPDQGDWSP7KHRIIOLQHYHUVLRQRI0LVHU36SURYLGHGWKHIOH[LELOLW\WRDEDQGRQSXPSVFKHGXOLQJ
DQGUHWXUQWRQRUPDORSHUDWRUFRQWUROOHGRSHUDWLRQDWDQ\WLPHZKHQSUREOHPVRFFXUUHGVXFKDVSRZHURXWDJHVDQG
DVVHWIDLOXUHV
3KDVH 7KHPRGHO DV GHYHORSHG IURPSKDVH  ZDV DGRSWHG E\$:62SHUDWLRQV DQG SXPS VFKHGXOLQJZDV
LQFRUSRUDWHGLQWRWKHRSHUDWLRQDOURXWLQHRIWKHFRQWUROURRPVIRUWKHDUHD'XULQJSKDVHDVHPLDXWRPDWHGYHUVLRQ
RI WKH PRGHO ZDV QHFHVVDU\ WR UHGXFH WKH PDQXDO LQSXW DQG UHVRXUFH UHTXLUHPHQW 7KH VHPLDXWRPDWHG YHUVLRQ
LQFOXGHG DXWRPDWHG XSORDG RI WHOHPHWU\ GDWD WR WKH VWDQG DORQH 0LVHU 36 SODWIRUP DXWRPDWHG JHQHUDWLRQ DQG
GLVWULEXWLRQRISXPSVFKHGXOLQJDQGVXEVHTXHQWO\PDQXDOLPSOHPHQWDWLRQRIWKHVFKHGXOHV$:6KDVFXUUHQWO\MXVW
FRPSOHWHGWKHILUVW\HDURISKDVH
0RGHOGDWDEDVH
$ZLGHUDQJHRILQIRUPDWLRQZDVIHGLQWRWKHPRGHOLQFOXGLQJSXPSHIILFLHQF\GDWDIRUDOOSXPSLQJDQGERRVWHU
VWDWLRQVLQWKHDUHDSXPSVDYDLODELOLW\HOHFWULFLW\WDULIIUDWHVK\GUDXOLFQHWZRUNUHVWULFWLRQVPLQLPXPDQGPD[LPXP
DOORZDEOHOHYHOVIRUDOOVWRUDJHUHVHUYRLUV7KHGDWDZDVUHYLHZHGRQDUHJXODUEDVLVSXPSVDYDLODELOLW\DQGK\GUDXOLF
QHWZRUN UHVWULFWLRQV RQ D GDLO\ EDVLV ZKLOVW DOO RWKHU SDUDPHWHUV RQ D PRQWKO\ EDVLV 7KH XVHUIULHQGO\ PRGHO
LQWHUIDFHDOORZHGIRUDOOFKDQJHVWREHPDGHWKURXJKWKHPRGHOPHQXIXQFWLRQVZLWKRXWH[SHUWVRIWZDUHNQRZOHGJH
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
)LJ6FKHPDWLFUHSUHVHQWDWLRQRIWKH0LVHU36PRGHOOHGDUHD
 0RGHOVFKHGXOHV
0LVHU36SURYLGHG WLPHEDVHGVFKHGXOHV IRUDKRXUSHULRGZLWKDVHWRI LQVWUXFWLRQV IRUHDFK:7:FRQWURO
URRP7KHLQVWUXFWLRQVLQFOXGHGIORZUDWHVDQGSUHVVXUHVIRUNH\PDLQVZLWKLQWKHPRGHOOHGDUHDYDOYHSRVLWLRQVDQG
SXPSFRPELQDWLRQVIRUDOOSXPSLQJDQGERRVWHUVWDWLRQV5HVHUYRLUDQGGHPDQGIRUHFDVWSURILOHVZHUHDOVRSURYLGHG
DQGZHUH XVHG IRU UHIHUHQFH GXULQJ VFKHGXOLQJ DJDLQVW WKH WHOHPHWU\ GDWD WR YDOLGDWH WKHPRGHO SUHGLFWLRQV7KLV
DOORZHGIRUHDUO\GHWHFWLRQRIGHYLDWLRQVDQGUHRSWLPLVDWLRQWRSURGXFHDUHYLVHGVFKHGXOH
 3HUIRUPDQFHUHSRUWLQJ
7KHPRGHOZDVFRQILJXUHGWRSURYLGHFRPSDULVRQUHSRUWVRIWKHH[SHFWHGPRGHOOHGV\VWHPSHUIRUPDQFHYHUVXVWKH
DFWXDOGHULYHGIURPWHOHPHWU\GDWDRQDGDLO\EDVLV7KHUHSRUWVDOVRSURYLGHGFDOFXODWHGFRVWVDYLQJVSHUGD\IURPWKH
LPSOHPHQWDWLRQRI0LVHU36ZKLFKZHUHGHULYHGIURPWKHHOHFWULFLW\WDULIIGDWDZLWKLQWKHPRGHODQGWKHWHOHPHWU\
GDWD
 5HVXOWVDQG'LVFXVVLRQ
 0RGHOLQJDFFXUDF\
7KH DFFXUDF\RIPRGHO IRUHFDVWLQJZDV HYDOXDWHGE\ WUHQGLQJRI WKH IRUHFDVWHG 0LVHU GDWDYHUVXV WKH DFWXDO
WHOHPHWU\GDWDRQDGDLO\EDVLV'XHWRWKHYROXPHRIGDWDSURGXFHGGXULQJSKDVHVDQGVHOHFWHGH[DPSOHVDUH
SURYLGHGEHORZDQGGLVFXVVHG

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
)LJ([DPSOHRIIRUHFDVWHGGHPDQGDFFXUDF\RI0LVHU36

)LJ([DPSOHRIIRUHFDVWHGGHPDQGDFFXUDF\RI0LVHU36
7KHIRUHFDVWHGGHPDQGRQ WKHIRU WKHDUHDFRUUHVSRQGLQJ WR WKHIXUWKHVWGHPDQGQRGH WR WKHHDVWRI
:7:%IROORZHGFORVHO\WKHDFWXDOGHPDQGGXULQJLPSOHPHQWDWLRQRISXPSVFKHGXOLQJEDVHGRQWKHKGHPDQG
DVSUHVHQWHGLQ)LJ7KHFRUUHODWLRQFRHIILFLHQWIRUWKHGDWDREWDLQHGRQWKHZDVZKLFKLQGLFDWHGWKDW
0LVHU36ZDVDEOHWRUHOLDEO\SUHGLFWWKHGHPDQGIRUWKLVDUHD
<HWWKHDFFXUDF\RIWKHIRUHFDVWHGGHPDQGGDWDZDVIRXQGWREHDUHDVSHFLILFDQGDOVRGHSHQGHQWRQWKHOHYHORI
GHWDLO ZLWKLQ WKHPRGHO /DUJHU GHYLDWLRQV ZHUH VSRWWHG LQ DUHDV ZLWKPRUH XQSUHGLFWDEOH SDWWHUQV RI DEVWUDFWLRQ
JHQHUDOO\DWWKHPRGHOOHGERXQGDU\DUHDVUDWKHUWKDQZLWKLQWKHPRGHOOHGDUHDRUZKHUHODUJHQRQGRPHVWLFXVHUVZHUH
SUHVHQW7KHVHGHYLDWLRQVZHUHJHQHUDOO\DFFHSWDEOHVRORQJDVWKHZDWHUVXSSO\ZDVPDLQWDLQHGDWWKHGHVLUDEOHOHYHOV
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2QRFFDVLRQVKRZHYHUIXUWKHUGHYHORSPHQWZDVQHFHVVDU\DQH[DPSOHRIZKLFKLVSUHVHQWHGEHORZIRUWKHGHPDQG
QRGHDW WKHIXUWKHVWSRLQWVRXWKRI:7:$0LVHU36ZDVXQDEOH WRPDWFK WKHDFWXDOGHPDQGRQ WKHPDMRULW\RI
RFFDVLRQVGXHWRPDMRULUUHJXODUH[SRUWRIDODUJHQRQGRPHVWLFXVHULQWKHDUHDORFDWHGDWWKHERXQGDU\RIWKH0LVHU
36PRGHOHGDUHD7KHFRUUHODWLRQFRHIILFLHQWRQWKHZDV7RRYHUFRPHFUHDWLQJDZDWHUVKRUWDJHLQ
WKHDUHDWKHVWRUDJHUHVHUYRLUVZHUHXVHGDVEXIIHUSRLQWVDQGZKHUHQHFHVVDU\UHRSWLPLVDWLRQZDVFDUULHGRXW7KH
IOH[LELOLW\ RI UHRSWLPLVDWLRQZLWKLQ0LVHU36 DQG WKHYLVLELOLW\ RI GHYLDWLRQVGXULQJ VFKHGXOLQJ WKURXJK WKHQRGH
SURILOHVSURYLGHGE\0LVHU36DOORZHGIRUDQHIIHFWLYHLPSOHPHQWDWLRQRISXPSVFKHGXOLQJHYHQIRUVXFKGLIILFXOWWR
PRGHODUHDV
7KHRYHUDOOVXFFHVVUDWHRISXPSVFKHGXOLQJGXULQJSKDVHDQGZDVDVVHVVHGXVLQJWKHIROORZLQJFDWHJRULHV
RIVFKHGXOHVSURGXFHGVXFFHVVIXOIRULPSOHPHQWDWLRQZLWKRXWLQWHUYHQWLRQPRGHOGHYHORSPHQWIRURFFDVLRQVZKHUH
IXUWKHUPRGHODGMXVWPHQWVZHUHPDGHUHRSWLPLVDWLRQZKHUHGHYLDWLRQVIURPWKHIRUHFDVWHGSURILOHVZHUHVHHQDQG
QHWZRUNIDLOXUHVZKLFKLQFOXGHGPDLQO\SRZHURXWDJHVDQGDVVHWIDLOXUHVIRUSKDVHEXWDOVR,7DQGWHOHPHWU\UHODWHG
LVVXHVIRUSKDVHWKDWSURKLELWHGSXPSVFKHGXOLQJRQWKHGD\'XULQJWKHWULDOSKDVHRI0LVHU36SKDVHRI
DOOVFKHGXOHVSURGXFHGZHUHVXFFHVVIXOZHUHUHRSWLPLVHGZHUHUHODWHGWRPRGHOGHYHORSPHQWZKLFK
ZDVH[SHFWHGDV0LVHU36ZDVDWWKHWULDOGHYHORSPHQWSKDVHDQGGLGQRWDOORZIRUSXPSVFKHGXOLQJGXHWR
QHWZRUNIDLOXUHV7KHQXPEHURIUHRSWLPLVDWLRQVGXULQJSKDVHZDVFRQVLGHUHGKLJK\HWWKLVZDVDWWULEXWHGWRWKH
PDQXDOSURGXFWLRQRISXPSVFKHGXOHVWZLFHGDLO\7KHRSWLPL]DWLRQZLQGRZZDVFRQVLGHUHGWRRORQJIRUWKHODUJH
DQGG\QDPLFV\VWHPVWXGLHGKHUHDQGIXUWKHULQYHVWLJDWLRQVVKRZHGWKDWDVPDOOHURSWLPL]DWLRQZLQGRZRIQRORQJHU
WKDQKRXUVZRXOGKDYHUHVXOWHGLQDKLJKHUVXFFHVVUDWHRISXPSVFKHGXOLQJ'XULQJSKDVHWKHDGYDQWDJHVDQG
GLVDGYDQWDJHVRI0LVHU36EHFDPHPRUHDSSDUHQWDVLWSURYHGWREHDIOH[LEOHWRROWKDWFDQEHPRGLILHGWRPHHWV\VWHP
QHHGVDWDQ\WLPHEXWLWZDVDOVRIRXQGWREHGHSHQGHQWRQWKHTXDQWLW\DQGTXDOLW\RIWHOHPHWU\GDWDDQGPDLQWHQDQFH
RIDVVHWV


)LJ6XFFHVVUDWHRISXPSVFKHGXOLQJDVDSHUFHQWDJHRIDOORSWLPLVDWLRQVFDUULHGRXWGXULQJSKDVH
7KHUHVXOWVIURPSKDVHZHUHFRQVLGHUDEO\GLIIHUHQWGXHWRWKHVHPLDXWRPDWHGYHUVLRQRIWKHPRGHODQGWKHPXFK
PRUHIUHTXHQWSURGXFWLRQRISXPSVFKHGXOHVZKLFKUHGXFHGWKHRSWLPLVDWLRQZLQGRZWRKRXUVVFKHGXOHVSHUGD\
6XFFHVVIXOSXPSVFKHGXOLQJZDVVHHQDWRIDOOVFKHGXOHVSURGXFHGZLWKRIWKHPQHHGLQJUHRSWLPLVDWLRQ
DQGUHODWLQJWR,7DQGWHOHPHWU\LVVXHV
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 5HGXFWLRQLQHQHUJ\FRVW	FRQVXPSWLRQ
2QHRIWKHNH\EHQHILWVRI0LVHU36LVWKHILQDQFLDOVDYLQJVJHQHUDWHGIURPLPSOHPHQWDWLRQRISXPSVFKHGXOLQJ
5HGXFWLRQLQHQHUJ\FRVWGXULQJSXPSVFKHGXOLQJZDVDFKLHYHGYLDORDGVKLIWLQJLQOLQHZLWKWKHHOHFWULFLW\WDULIIVDQG
DGGLWLRQDOO\UHGXFWLRQLQHQHUJ\FRQVXPSWLRQZDVDFKLHYHGE\XWLOL]LQJWKHSXPSHIILFLHQF\SRLQWV$QH[DPSOHRI
KRZWKLVZDVDFKLHYHGLVSUHVHQWHGEHORZ7KHWDULIIUDWHVLOOXVWUDWHGEHORZLQSHQFHSHU.:KDUHDQDYHUDJHRIDOO
WDULIIUDWHVIRUDOOVLWHVZLWKLQWKHVWXGLHGV\VWHPDQGFRUUHVSRQGWRILJXUHV


)LJ([DPSOHRIHQHUJ\VDYLQJVYLDORDGVKLIWLQJLQOLQHZLWKWKHHOHFWULFLW\WDULIIVGXULQJSXPSVFKHGXOLQJ
0LVHU SXPS VFKHGXOLQJ DFKLHYHG ODUJHU YROXPHVRIZDWHU WREHSXPSHG DFURVV WKH V\VWHPGXULQJ WKH FKHDSHU
HOHFWULFLW\WDULIISHULRGVFRPSDUHGWRWKHYROXPHRIZDWHUSXPSHGYLDWKHSUHYLRXVRSWLRQRIPDQXDOFRQWUROZKLOVW
WDNLQJLQWRDFFRXQWWKHPLQLPXPYROXPHUHTXLUHGLQRUGHUWRPHHWGHPDQGGXULQJWKHPRVWH[SHQVLYHWDULIISHULRG
$GLUHFWFRPSDULVRQEHWZHHQ0LVHU36DQGQRUPDORSHUDWLRQRIWKHVWXGLHGQHWZRUNZDVFDUULHGRXWGXULQJSKDVH
LQRUGHUWRHVWLPDWHWKHILQDQFLDOVDYLQJVJHQHUDWHGRQDGDLO\EDVLVE\SXPSVFKHGXOLQJ0LVHU36ZDVVHWWRDFKLHYH
WKHVDPHVWDUWDQGHQGFRQGLWLRQVDVWHOHPHWU\IRUDKRXUSHULRGDQGWKHHQHUJ\XVDJHZDVFRPSDUHGWRWKDWDFKLHYHG
GXULQJQRUPDORSHUDWLRQ7KLVZDVFDUULHGRXWIRUVHYHUDORFFDVLRQVDQGWKHUHVXOWLVLOOXVWUDWHGLQ)LJ
7KHDYHUDJHLQGLFDWLYHVDYLQJGXULQJSKDVHZDV7KLVZDVHTXLYDOHQWWRSHU\HDUIRUWKHVWXGLHG
V\VWHPHTXDWLQJWR0:K\HDURIRSHUDWLRQDOFDUERQDYRLGHGE\LPSOHPHQWLQJ0LVHU36RUWQ&2HT\HDU
7KHPLQLPXPVDYLQJVVHHQGXULQJWKLVSHULRGZDVRU\HDUDQGPD[LPXPRIRU\HDU,W
VKRXOGEHQRWHGKHUH WKDW WKHVDYLQJVUHSRUWHGDUHFRQVLGHUHGWREHDFRQVHUYDWLYH LQGLFDWLRQRIWKHVDYLQJV
LQYROYHGGXHWRYDULRXVQHWZRUNUHVWULFWLRQVGXULQJWKHWULDOSHULRGSXPSVDYDLODELOLW\GURXJKWFRQGLWLRQVDQGZDWHU
DYDLODELOLW\DIIHFWLQJZRUNVRXWSXWDQGDGGLWLRQDOO\WKHXVHRIVXPPHUWDULIIVZKLFKDUHORZHUWKDQZLQWHUWDULIIV
)ROORZLQJFRPSOHWLRQRIWKHILUVW\HDURISKDVHKRZHYHULWLVHVWLPDWHGWKDWWKHVDYLQJVUHDOLVHGDUHFRQVLVWHQW
ZLWKWKRVHVHHQGXULQJWKHWULDOSHULRGRI0LVHU36&RQWLQXRXVPRQLWRULQJRIWKHLPSDFWRI0LVHU36RQWKHRSHUDWLRQDO
FRVWVDQGIXUWKHULPSURYHPHQWVRQUHSRUWLQJDUHH[SHFWHGWREHWWHUTXDQWLI\WKHVDYLQJVJHQHUDWHG
7KHXVHRI0LVHU36KDVXQGRXEWHGO\LPSURYHGDVVHWNQRZOHGJHDQGKLJKOLJKWHGV\VWHPOLPLWDWLRQVE\DOORZLQJ
IRURIIOLQHVFHQDULRWHVWLQJHDUO\GHWHFWLRQRIDVVHWIDLOXUHVLHPHWHUVYDOYHVDQGE\LGHQWLI\LQJGHSHQGHQFLHVZLWKLQ
DV\VWHPERXQGDU\FRQGLWLRQV7KLVFDVHVWXG\KLJKOLJKWHGWKDWWKHTXDQWLW\DQGTXDOLW\RIGDWDSURYLGHGWRWKHPRGHO
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LV FULWLFDO DQG D WKRURXJK DVVHW PDLQWHQDQFH UHJLPH QHHGV WR EH LQ SODFH DORQJVLGH UHPRWH VHQVLQJ DQG FRQWURO
FDSDELOLWLHV*HRJUDSKLFDODQGRUILQDQFLDOFRQVWUDLQWVPD\OLPLWDSSOLFDWLRQRI0LVHU36EXWDSSOLFDWLRQRIVXFKWRROV
DQGWHFKQRORJLHVLVFHUWDLQO\WKHZD\IRUZDUGIRURSWLPDOQHWZRUNPDQDJHPHQW

)LJ9ROXPHRIZDWHUSXPSHGYHUVXVFRVWRISXPSLQJGXULQJSKDVHZLWKDQGZLWKRXW0LVHU36
 &RQFOXVLRQV
7KHRXWFRPHVRIHYDOXDWLQJ0LVHU36DVDPXOWLFULWHULDSXPSVFKHGXOLQJWRRODUHVXPPDUL]HGEHORZ
 0LVHU36SURYHGWREHDIOH[LEOHSXPSVFKHGXOLQJWRROWKDWFDQLQFRUSRUDWHV\VWHPFKDQJHVVXFKDVFKDQJHV
LQGHPDQGVDQGRXWSXWVDQGFKDQJHVLQSULRULWLVDWLRQRIPRGHOFRQGLWLRQV
 7KHTXDQWLW\ DQGTXDOLW\RI GDWDSURYLGHG WR0LVHU36 DQG WKXVPDLQWHQDQFHRI DVVHWV LV FULWLFDO IRU WKH
VXFFHVVIXOLPSOHPHQWDWLRQRISXPSVFKHGXOLQJ
 3XPSVFKHGXOLQJLPSURYHGDVVHWNQRZOHGJHDQGKLJKOLJKWHGV\VWHPOLPLWDWLRQV
 ,PSOHPHQWDWLRQRISXPSVFKHGXOLQJUHVXOWHGLQHQHUJ\VDYLQJVE\UHGXFLQJHQHUJ\FRQVXPSWLRQXWLOLVLQJ
SXPSHIILFLHQF\SRLQWVDQGHQHUJ\FRVWORDGVKLIWLQJLQOLQHZLWKHOHFWULFLW\WDULIIV
 'XULQJWKHWULDOSHULRGRI0LVHU36WKHDYHUDJHHVWLPDWHGHQHUJ\VDYLQJVZHUHRIWKHRYHUDOOFRVWIRU
WKHVWXGLHGV\VWHPHTXLYDOHQWWRRUWQRI&2HTSHU\HDU7KHVHZHUHFRQVLGHUHGWREHFRQVHUYDWLYHGXH
WRQHWZRUNUHVWULFWLRQVDWWKHWLPHRIWKHVWXG\DQGWKHXVHRIVXPPHUWDULIIUDWHV$:6KDVMXVWFRPSOHWHGWKHILUVW
\HDURI0LVHU36LQWHJUDWLRQWRRSHUDWLRQVDQGLWLVHVWLPDWHGWKHUHSRUWHGVDYLQJVGXULQJWKHWULDOVDUHFRQVLVWHQWZLWK
WKHVDYLQJVUHDOLVHGIROORZLQJLQWHJUDWLRQ
$FNQRZOHGJHPHQWV
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHFRQWLQXRXVVXSSRUWRI7\QHPDUFK6\VWHPV/WG
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